Since the hydride generation (HG) method was first introduced by Holak 1 to atomic absorption spectrometry, HG-AAS has been widely used for the determination of arsenic in biological and environmental samples.
Experimental

Apparatus
The AAS instrument used was a Hitachi Zeemaneffect GFAAS (Model Z-8270) equipped with a pyrolytic graphite-coated graphite furnace and an autosampler (Model SSC-300). The instrumental operating conditions are summarized in Table 1 . A KG-25 filter holder (Advantec MFS) with a membrane filter of mixed cellulose ester (0.45 µm pore size, 25 mm in diameter) was used for collecting the resin particles by filtration under suction. A KP-47H polysulfone filter holder (Advantec MFS) was used with a membrane filter of mixed cellulose ester (0.45 µm pore size, 47 mm in diameter) for sample pretreatment. A Branson Ultrasonic Cleaner B-42 was used for preparing the resin suspension.
Reagents
All reagents used were of analytical grade. A Yamato Model WAR-30 and a WB-21 Auto-Still were employed to purify the water used; the water was first passed through a reverse-osmosis membrane and then distilled twice. A 30 mmol l -1 APDC solution was prepared by dissolving a reagent of special grade for AAS (Wako Pure Chemical) in water. Working solution of As(III) (1.00 µg ml -1 ) was prepared from the AAS standard solution (100 µg ml -1 , pH 5, Wako Pure Chemical) by dilution with water. A 100 µg ml -1 As(V) solution was prepared by dissolving sodium arsenate dibasic heptahydrate (Na 2 HAsO 4 ·7H 2 O, Wako Pure Chemical) in 0.1 mol l -1 nitric acid. A working solution of 1.00 µg As(V) ml -1 was prepared from the standard solution by dilution with 0.1 mol l -1 nitric acid. A 100 µg As ml -1 solution was also prepared by dissolving sodium salt of dimethylarsinic acid ((CH 3 ) 2 AsONa·3H 2 O, Sigma approx.98%, abbreviated as DMAA) in 0.1 mol l -1 nitric acid. A 50 µg ml -1 nickel(II) solution was prepared by dissolving nickel(II) nitrate hexahydrate in 0.1 mol l -1 nitric acid. A 0.5 mol l -1 sodium thiosulfate solution was prepared by dissolving sodium thiosulfate pentahydrate in water; a fresh solution was prepared every week. An anion-exchange resin suspension (ARS) was prepared from a macroreticular type Diaion PA316 (Mitsubishi Kagaku), according to the reported method. 18 The exchange capacity of the resin suspension was 6.9 µeq ml -1 .
General procedure for the determination of arsenic(III)
A 150 ml aliquot of a solution containing less than 100 ng of arsenic was placed in a 300 ml polypropylene beaker. The solution pH was adjusted in the range of 1 -1.3 with the addition of 6 mol l -1 hydrochloric acid, and 1.5 ml of ARS, 1.0 ml of 30 mmol l -1 APDC and 1.5 ml of 3 mol l -1 sodium perchlorate solutions were added successively. The whole was stirred for more than 3 min; then the resin particles were collected on a membrane filter by filtration under suction. A resin thin layer disk of approximately 17 mm diameter and 0.03 mm thick was thus prepared. The membrane filter holding the resin thin layer was placed in a 10 ml beaker; then a 1.0 ml portion of 0.1 mol l -1 nitric acid containing 50 µg of nickel(II) was added. The beaker was covered with a piece of Sealone film (Fuji Photo Film) and subjected to ultrasonic irradiation for 60 s. The resulting resin suspension was then placed in a cup for the auto-sampler; this cup was covered with a Sealone film. The mixture in the cup was shaken by hand just before automatic sampling and then a 20 µl portion of the suspension was injected to a graphite furnace.
General procedure for the determination of total inorganic arsenic(III,V)
A 150-ml aliquot of a solution containing less than 100 ng of total amounts of As(III) and As(V) was placed in a 300 ml polypropylene beaker. A 1.0 ml aliquot of 0.5 mol l -1 sodium thiosulfate was added; then the solution pH was adjusted in the range 1 -1.3 with the addition of 6 mol l -1 hydrochloric acid. The whole was left standing for 3 min. The resulting solution was subjected to the determination of As(III) according to the general procedure described above.
Removal of interfering ions from water samples
An aliquot of water sample (pH 2) in the range 30 -150 ml was diluted to 150 ml with water. The solution pH was adjusted to 5, and 1.5 ml of ARS, 1.0 ml of 30 mmol l -1 APDC and 1.5 ml of 3 mol l -1 sodium perchlorate solutions were added successively. After this was stirred for 3 min, the whole was filtered through a 0.45 µm membrane filter (47 mm diameter) using a polysulfone filter holder. Arsenic(III) and total arsenic(III,V) in the filtrate were determined at pH 1.2 with and without sodium thiosulfate, respectively, as described above.
Results and Discussion
Effect of the matrix modifier
The effects of nickel(II) and palladium(II) in 0.1 mol l -1 nitric acid on the absorbance of 60 µg ml -1 arsenic were examined in the absence of ARS. The absorbance of arsenic was increased with increasing added amounts of nickel(II); the maximum and constant absorbance was obtained at the nickel concentration in the range 40 -150 µg ml -1 . The absorbance of arsenic also increased with increasing added amounts of palladium(II) and reached the maximum at palladium concentration of 50 µg ml -1 , but the absorbance decreased rapidly after the maximum. Consequently, 50 µg ml -1 nickel(II) nitrate solution was selected as the modifier.
Effect of the ashing temperature
The effect of ashing temperature on the determination of arsenic by GFAAS was examined using nickel(II) nitrate as a matrix modifier with and without resin suspension. In the presence of resin suspension, almost constant absorbance was observed at the ashing temperature in the range 600 -1100˚C, as shown in Fig. 1 , while the absorbance was lower than that observed in the absence of ARS.
Effect of pH
The effects of the pH on the resin phase extraction of As(III), As(V) and dimethylarsinic acid with APDC were investigated. Arsenic(III) was effectively extracted and the maximum and constant absorbance was obtained in the pH range 1 -3.7, as shown by curve A in Fig. 2 . Then, the absorbance decreased rapidly and a constant absorbance due to the reagent blank was observed above pH 4.3. Arsenic(V) and dimethylarsinic acid could not be extracted in the pH range studied, as shown in curve B in Fig. 2 .
Effect of amount of APDC
The effect of the amount of APDC on the extraction of As(III) was examined. A maximum and constant absorbance of arsenic was obtained with the addition of a 30 mmol l -1 APDC solution in the range 0.5 -1.25 ml. When the added amount of APDC increased beyond 1.25 ml, the absorbance begun to decrease; the reason for this is not clear.
Effect of amount of ARS
A maximum and constant absorbance due to the As(III) was obtained with the addition of ARS in the range 1.0 -2.0 ml, as shown in Fig. 3 . As the molar ratio of arsenic and APDC in the complex was expected to be 1:3, from the analogy to the formation of 1:3 complex between As(III) and diethyldithiocarbamate 19 , the extraction of arsenic(III)-APDC complex onto the resin phase was considered to be due to the mutual hydrophobic interaction.
Effect of the stirring time
The effect of the stirring time on the resin phase extraction of 60 ng of As(III) as the APDC complex from 150 ml of solution was investigated with varying stirring times of up to 10 min. A maximum and constant absorbance was obtained after stirring for more than 1 min. This quick results indicated that the complexation between arsenic(III) and APDC was very rapid even at the sub ppb level of arsenic(III), and that the resulting arsenic(III)-APDC complex could be 831 ANALYTICAL SCIENCES SEPTEMBER 1999, VOL. 15 effectively extracted in the resin phase. The addition of sodium perchlorate was essential for the rapid collection of the fine resin particles by filtration. 18 
Effect of the pH on the reduction of arsenic(V)
Arsenic(V) is not extracted on the resin phase under the conditions where As(III) is extracted. Therefore, it is necessary to reduce As(V) to As(III) before the determination of total amount of As(III,V). Sodium thiosulfate was used for this purpose, as it was reported to be an effective reducing agent for As(V). 10 The results are shown by curve A in Fig. 4 , in which the decrease of absorbance below pH 1 was due to the fact that the complexation between the resulting As(III) and APDC was suppressed in the acidic solution. When arsenic(V) was reduced at pH 0.8 and extracted at pH 1.2, the extraction was quantitative. On the other hand, the reduction of As(V) with thiosulfate was suppressed rapidly with increasing pH above 1.3. The effect of the stirring time on the reduction of As(V) was examined at pH 1.2. The maximum and constant absorbance was obtained after stirring for more than 2 min. By considering the lability of thiosulfate in the acidic medium, we fixed the time for the reduction to 3 min.
Dimethylarsinic acid could not be extracted and only the blank absorbance was obtained, as shown by curve B in Fig. 4 .
Effect of amount of sodium thiosulfate
The effect of the amount of thiosulfate on the determination of As(III) and As(V) was examined. The absorbance of As(III)-APDC complex resulting from the reduction of As(V) increased with increasing added amounts of 0.5 mol l -1 sodium thiosulfate and reached a maximum and constant value with the addition of the solution in the range 0.75 -1.25 ml, as shown in Fig. 5 . When arsenic is originally present as As(III), the absorbance of the As(III)-APDC complex was slightly decreased with the addition of sodium thiosulfate and the amount then coincided with that obtained by the reduction of As(V). Therefore, the added amount of 0.5 mol l -1 sodium thiosulfate was fixed to 1.0 ml for 150 ml of sample solution.
Effect of sample volume
The recovery of As(III)-APDC complex was investigated with varying sample volumes in the range 30 -300 ml; here the concentration of sodium thiosulfate was kept to be 3.3 mmol l -1 . A maximum and constant absorbance of arsenic was obtained from different sample volumes of up to 200 ml. The absorbance was then gradually decreased with increasing sample volume.
Calibration graph
The regression equation of a typical calibration graph for the determination of As(III) was y=0.002697x (r=0.9985), where y is the absorbance and x is the amount of As(III) up to 100 ng. The limit of detection for As(III) in 150-ml sample aliquots was 1.0 ng, based on three times the standard deviation (n=6) of the blank. Although either of the standard solutions of As(III) and As(V) could be used for the preparation of a calibration graph for the determination of total As(III,V), for simplicity, the calibration graph was constructed from arsenic(III) in the presence of sodium thiosulfate at pH 1.2. 
Determination of total amounts of arsenic(III,V)
The results of the determination of the total amounts of arsenic in the synthetic mixtures containing varying amounts of As(III) and As(V) are summarized in Table  2 . The recovery was found to be in the range 96.0 -103%, which indicated that the total amounts of As(III) and As(V) were successfully determined.
Effect of DMAA
Dimethylarsinic acid was not extracted on the resin phase under the conditions where As(III) or As(III,V) was extracted, as already shown in Figs. 2 and 4 . We thus safely concluded that the proposed method could be applied to the determination of inorganic As(III) and As(V).
Effect of foreign ions
The results of the effect of foreign ions are summarized in Table 3 . Among diverse ions studied, copper(II), lead(II) and tin(II) gave serious negative errors for the determination of arsenic. It was thus necessary to separate these ions from arsenic(III) and arsenic(V) before arsenic can be determined successfully. The separation of interfering ions was based on the 833 ANALYTICAL SCIENCES SEPTEMBER 1999, VOL. 15 fact that As(III) and As(V) were not extracted on the resin phase from the solution in the pH range from 4.3 to 6.4, as shown in Fig. 2 , while copper(II), lead(II) and tin(II) could be extracted as the respective APDC complexes. The extraction was carried out at pH 5 and the arsenic(III) and arsenic(V) was determined at pH 1.2 in the absence and presence of sodium thiosulfate, respectively. The results are also summarized in Table 3 . The effects of copper(II), lead(II) and tin(II) were successfully eliminated, while a small negative error was observed in the presence of a large amount of iron over arsenic(III).
Results of the determination of arsenic in water samples
River water and sea water samples were filtered through a membrane filter of 0.45 µm pore size using a polysulfone filter holder and acidified to pH 2 with the addition of 12 mol l -1 hydrochloric acid. A hot spring water sample (pH 1.5) was filtered without addition of hydrochloric acid. A tap water sample was taken after running the water for more than 1 h; this sample was acidified to pH 2. The determination of arsenic in hot spring water was made with varying sample volumes of up to 50 µl. The amount of arsenic was increased proportionally to the sample volume, indicating that there was no systematic error in the proposed method. The means and standard deviations of the concentration of As(III) and total As(III,V) were 1.46±0.06 (n=4) and 2.03±0.06 (n=5) ppm, respectively. The concentration of arsenic(V) calculated by the difference was 0.58±0.07 ppm. The results of the determination of arsenic in sea, river and tap water samples are summarized in Table 4 . The recovery of As(III) and As(V) was quantitative. The amount of As(III) in natural water samples decreased in the order: hot spring, river and sea water, and the ratio of As(III) to total As(III,V) also decreased in this order.
